The RuO 2 -based electrocatalysts were prepared by using a dip-coating method on Ti plate substrates at 400 °C. The catalytic activity of the oxide-coated electrodes for the oxygen reduction reaction (ORR) was evaluated by cyclic voltammetry in 0.5 M H 2 SO 4 at 60 °C in a stationary state. The examination was focused on the enhancement of the catalytic activity in the reaction by the enlargement of the surface area of the RuO 2 coating with the help of lanthunum. The onset potential for the ORR, E ORR-0 , of the RuO 2 /Ti electrode showed that the highest value was 0.84 V vs. RHE.
Platinum-based alloys are presently the typical cathode catalysts used for Polymer Electrolyte Fuel Cells (PEFCs) due to their high oxygen reduction activity. Since platinum is a highly expensive material, the development of catalysts to replace platinum, including oxides [1] [2] [3] , carbides [4, 5] , and metal complexes [6, 7] , etc., has widely been examined by many research groups.
Recently, some interesting studies on the development of Pt-free oxide cathodes, such as TaO 0.92 N 1.05 and ZrO 2-x , have been reported [8, 9] . Although these and numerous other studies have significantly contributed to the development of PEFC and DMFC, further investigation is still required for the improvement of both activity and durability. The RuO 2 -TiO 2 /Ti binary and IrO 2 -RuO 2 -TiO 2 /Ti ternary oxide electrodes are widely used as the Dimensionally Stable Anode (DSA ® ) catalyst-electrode in the electrolysis process for chlorine production in chlor-alkali industries [10] . Although basic investigations of the ORRs of ruthenium metal and compounds in acidic solutions have been published [11] [12] [13] [14] , few reports on crystalline ruthenium oxide in acidic solutions have been published [15] .
This study presents a fundamental investigation of the development of non-Pt catalyst cathodes for PEFCs, using RuO 2 -based oxides which were coated on a Ti plate substrate. This investigation using ruthenium oxide as the cathode is the first-step towards the development of less expensive and anti-corrosive oxide cathodes in the future. 
Experiment

Preparation of RuO 2 /Ti electrodes by a dip-coating method
Electrochemical measurements
The ORR activity of the oxide electrodes was evaluated by cyclic voltammetry (CV) in 0.5 M H 2 SO 4 using a beaker-type electrolytic cell ( Fig. 1 solution at 60 °C. 
Results and discussion
ORR activity of RuO 2 /Ti electrodes enhanced by the morphological modification of the oxide layers
ORR activity of RuO 2 /Ti electrodes enhanced by the addition of other elements
Since both IrMoO 2 /Ti and IrVO 2 /Ti showed a high activity for the ORR as reported in the previous paper [18] , the effect of the addition of either molybdenum or vanadium to RuO 2 was examined. For the binary electrodes, RuMo(1:1)O 2 /Ti and RuV(7:3)O 2 /Ti, most of the molybdenum and vanadium remained in each of the oxide layers even after the HCl treatment at 80 °C. As shown in Fig. 6 , the enhancement effect of the addition of these elements to RuO 2 was not so great, so long as the content ratios. In the previous paper concerning the enhancement of the ORR activity of the IrO 2 /Ti electrode, we confirmed that the following two methods are effective for the oxide catalyst electrode: the first method is the formation of a solid solution to change the valency of iridium ions with another element [18] , and the second method is the use of rare earth elements to enlarge the surface area of oxides [16, 17] . However, the first effect was moderate for the RuO 2 -based electrode in comparison with the IrO 2 -based electrode. Figure 7 compares the polarization curves for the ORR of RuO 2 -based electrodes with those of IrO 2 -based and a platinum plate electrodes, and Table 2 The catalytic activity for the ORR of the RuO 2 -based electrodes is lower than those of IrO 2 -based electrodes; however, it is noteworthy that the catalytic activity of RuO 2 /Ti electrode for the ORR can be greatly enhanced by the formation of fine RuO 2 particles connecting to each other on the titanium substrate.
Conclusions
As has been discussed in the previous paper [18, 19] DSA-type electrodes have many advantages: the coating layer is composed of fine oxide particles connected to each other to form a micro/meso porous structure, the titanium substrate is protected from corrosion by the formation of a dense oxide layer at the interface between the porous oxide coating and titanium substrate, and preparation of the electrodes is easy and useful for the search of new electrocatalysts.
[ The definition of E ORR-0 and E ORR-20 is described in the text. The definition of E ORR-0 and E ORR-20 is described in the text. a) After the acid-treatment, the IrV(1:1)O 2 /Ti electrode changed into Ir 0.6 V 0.4 O 2 /Ti due to the partial disslution of vanadium species. 
